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Determination of eight ultraviolet absorbers in surface water
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Abstract: Ultraviolet (UV) absorbers are a group of chemicals widely used in various industrial
and consumer products, such as plastics, coatings, and personal care products, to protect against
UV radiation. Among them, benzotriazole derivatives (e.g. UV-326, UV-327, UV-328, UV-329, and
UV-P) are the most frequently employed. Owing to their widespread use and potential persistence
in the environment, these compounds have been detected in various environmental matrices,
including surface water, wastewater, sediment, and biota. Certain UV stabilizers have been reported
to exhibit endocrine-disrupting properties and pose potential ecological risks. Therefore, developing

sensitive and reliable analytical methods for monitoring these compounds in environmental samples
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is essential. To address the need for reliable detection methods, this study developed a robust
method based on liquid-liquid extraction (LLE) coupled with ultra performance liquid
chromatography-triple quadrupole mass spectrometry (UPLC-MS/MS) for the simultaneous de-
termination of eight UV absorbers in surface water and wastewater. Critical optimization of the
pretreatment process focused on solvent selection and purification parameters. The finalized protocol
involved extracting 100 mL water samples twice with dichloromethane. After nitrogen-assisted solvent
evaporation, the residue was reconstituted in methanol and mixed with the internal standard so-
lution. UPLC-MS/MS parameters were optimized to achieve optimal instrumental performance. The
separation of the eight UVs was performed using a BEH C18 column (100 mm x 2.1 mm, 1.7 pm)
with a gradient elution system consisting of 0.2% (mass fraction) formic acid aqueous solution and
acetonitrile at a flow rate of 0.4 mL/min. The injection volume was 2 wL. Detection was performed
in positive ion mode using multiple reaction monitoring (MRM), with an electrospray ionization
voltage set at 5 500 V. Quantification was achieved via internal standard calibration to ensure
precision and accuracy. The method demonstrated excellent linearity for all target compounds across
their respective concentration ranges, with a correlation coefficient (7)>0.995. The method detection
limits (MDLs) ranged from 1.3 ng/L to 2.8 ng/L, indicating high sensitivity. Recovery tests conducted
at low, medium, and high spiking levels (20, 200, and 800 ng/L) yielded recoveries of 80.3%-117.8%,
with relative standard deviations (RSDs) of 1.4%—10.5%, confirming the method’s robustness across
different sample matrices. Application of the method to 10 textile dyeing wastewater samples revealed
the presence of four UV absorbers: UV-329, UV-326, UV-328, and UV-350. Notably, UV-329 showed
the highest detection frequency and accounted for 85% of the total detected mass concentrations,
ranging from 5.2 to 2 109 ng/L. Its prevalence suggests its widespread use in industrial processes
and potential persistence in aquatic environments. In conclusion, the developed method is highly
sensitive, accurate, and reliable for detecting UV absorbers in environmental water samples. Its
successful application to surface water and wastewater analysis provides a valuable tool for
monitoring these emerging contaminants, thereby supporting the assessment of their environmental
and health risks. This study highlights the importance of continued monitoring and regulation of UV
absorbers to mitigate their potential adverse effects on ecosystems and human health.
Keywords: ultraviolet (UV) absorbers; ultra performance liquid chromatography-tandem mass
spectrometry (UPLC-MS/MS) ; liquid-liquid extraction (LLE)

£ A28 17 i 5 (ultraviolet absorbers, UVs) &
— 2 T Ry R AR 0 5 A S OGRS 2 T RE Y D Be 1k
G, FEAE AL Sy 5 45 1 IR A0 R 8 U0 1 S5 M 2R
B, O 3 AR R AR DL RE sl At TE R R
B, TR BB Ak 2g e bR RS H i, 4k
LRI AT 43 ok 8 e R ) AN 8 Ak ik

Fovp, S AN LA E S D RE S N 390 Tz T T
b A K R Bl i AT A A SRR TR
GERUREANTYVE & E i BURIE P 4]
O W ik 15 4810 SR, 2 A A AR e B il o TR
G 8 0 WU AR Sy S R 3 A 20 S T T B B R A
AN AR e, LS B AR Bk 25 S 2 B

SIS ANENE IR AR A T, 25 WS U, BRER AL B S OB 3% - = T DO R T s 0 b R K R K Hh 8 b 2R A1 2k
W) . (3 ,2026,44(4) :413-421.

SUN Huijing, ZHANG Beibei, HUANG Mengqgiao, WANG Hui, HU Guanjiu, CHEN Huimin. Determination of eight ultravio-
let absorbers in surface water and wastewater by ultra performance liquid chromatography-triple quadrupole mass spec-
trometry. Chinese Journal of Chromatography, 2026, 44(4): 413-421.



PN L 55 R e RO (0 3% - = R O A AT o 33 2 5 b R K R K b

5 4 1]

8 i £ A i WA 51 - 415 -

TRE 1 AR IR BT W B R, UVs B 7E @Bk
T Y A R AR  RABURL Y S DR R Tz R
FEER BT AR B W i AL T ng/L E pug/L g
YT 280 UVs e B2 520 P 5 R IR PERRAIE , 3L
12 B 58 A ot e DLR i H 5 8 s W ik e AR R
ERRON ., FHHEE R R IR E W EA N
WL B N M R B R R ORE M S T E K
202t L HC R M KON T R R A 5 B P R
IR S A S 2R G 5 N AR A B R

YT UVs AR BRI , Bk £ 1 B 1% 40 5 1k H
A . B EASIREEE T 2023 4 M0 (5 —
b Ak 2= W T B0 B8 U OO0 S DAl Sl ) (3R I [ 4 32
5K 2-(27 R R3S - RUT R R ) RO = mk
(UV-320) 5 2-(2/ -5 3-3" 5/ - T 3R I ) -5-5
FARIE = (UV-327) g AR S Al 44 5% . H AR R
1E 2004 4F 30 5o {1k 27 W oo 42 i ) B 48 JF =ik 3
UVs 51— H WY 5T, I T 2006 45 F 4 b UV-
320 Bi% 4 7. EXW REACH LR T 2014 454
UV-320 Ml 2-[2-37% 3 -3,5- (1, 1- ~H EEHE K
) ] 2H-K JF = wk (UV-328) 0 A & L E Y R
(SVHC) i 5., fR e I & i A A3 it 0.1%, 2015 4F
H—H UV-327 5 2-(2 -3 -F T35 T
BRI ) R IE =k (UV-350) 51 A5 14 it SVHC 4
%o IAh, OekoText Standard 100(2016 ) % A=
B Y4 b UV-320,UV-327,UV-328 % UV-350 (1
YRR E T 0.1% RO RRAE ZK .

A UVs K I B2 A 3222 0 SO €033 - 5 15 156
(GC-MS)™' Fn ¥ A 3% - i 3% B H (LC-
MS ) 5:10-1421.30340 2 Gk 248 W i 551 1 G 0 vk R R
AR AE 2005-2010 4F, 58 A0 2 W W50 9 T 2 DA
GC-MS & F;2011-2015 4E , LC-MS/MS F1 GC-MS
Wi 5 AR B A S 52016 4E 2 )5, LC-MS/MS (5 44
XIS, FL Ty A s PR S 3k Ak T ng/L & pg/L KK
H I i T 5 e 0 B8 7K A e 28 A0 2k i W B B K bR
HE AT M A o K M 7 bR v EL AT S A S A U
7 M b v B b 7 b o 22 T 25 8000 R REAE 1Y 25 41
2R W SR R . AN BIF 5T 3 T VO K B (LLE ) -
R RN 2 - — T DU AR FF T % (UPLC-MS/MS)
R 5 3 NI PO 0 o S T | BE R A =4
SET A T R KRR K b UVs 1 5 R 850 A6l
Jrd. TR R 5P T he
73, AT R HERR AR UVs 19 30 58 A7 RRAE S T J 2R 28
JRURS: DAty i 1 AT 5 R S5

1 SEIERSY

1.1 (SR A5

L RIS Ayl LU Y S 5l B
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Table 1 MS parameters for the eight ultraviolet absorbers (UVs) and internal standards

18.0 min, 10%B ., #FEE 2 pL,
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250 C, K J7 Xy 22 SOz s I (MRM) A . IE 2
T . Wik 5500 V; FEALSE Sk 345
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W 1,
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Parent ion

Daughter ion Declustering Collison

Compound Name . 1S
(m/z) (m/z) potential/V energy/eV
2-(Benzotriazol-2-yl)-4,6- UV-320 324.2 268.3 130 32 UV320-d,
ditert-butylphenol 3240 212.3 130 39
2,4-Ditert-butyl-6-(5-chlorobenzo- Uv-327 358.2 302.2" 120 31 Uv327-d,,
triazol-2-yl)phenol 360.2 304.0 120 31
2-(Benzotriazol-2-yl)-4-methylphenol UV-P 226.0 120.0" 75 25 UV-P-d,
226.0 107.0 75 28
2-(5-tert-Butyl-2-hydroxyphenyl ) - UV-PS 268.0 212.1° 120 29 UV-PS-d,
benzotriazole 268.0 166.0 120 40
2-tert-Butyl-6-( 5-chlorobenzotriazol-2- UV-326 316.2 260.1° 137 28 UV326-d,
yl)-4-methylphenol 316.2 154.2 137 33
2-(2H-Benzotriazol-2-yl)-4 , 6-di-tert- UV-328 352.2 282.2 100 32 Uv328-d,,
pentylphenol 3522 2123 100 39
2-(2H-Benzotriazole-2-yl1)-4-(1,1,3,3- UV-329 324.2 212.0° 80 37 UV329—'3C6
tetramethylbutyl) phenol 3242 57.0 30 60
2-(3-sec-Butyl-5-tert-butyl-2-hydroxy- UV-350 324.2 268.1° 80 30 UV350-d,
phenyl)benzotriazole 3240 212.2 80 39
UV-P-d3 229.2 121.3 75 25
UV-327-d20 378.3 314.2 120 31
UV-328-d,, 364.3 289.3 100 32
UVv-329-"C, 330.2 218.0 80 37
UV—326—(‘13 319.2 263.0 137 33
UV—320—d4 328.2 272.3 130 32
UV350-d, 328.2 272.3 80 30
UV—PS—d9 277.0 214.0 120 29

* Quantitative ion.
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Fig.1 Chromatograms of the eight UVs under different mobile phase conditions

a. 5 mmol/L ammonium formate in 0.1% formic acid aqueous solution-acetonitrile; b. 0.2% formic acid aqueous solution-acetonitrile.
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Fig.2 Effect of different pH on the recoveries of the
eight UVs (n=6)
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(9: 1, PRBLULL ) 43 S AE Sy 0k o 125 590 20 47 Uk B )5 8 b
H b & i 0 22 5 an &l 4 Pros, 18 100 mL
EQ Y R K Hhoin A 8 Fi 58 A 2R WO AR L 24 RE AR v Ak
454k A 0 0 [0k 23.5%~42.4% ; 24 35 B LR
N A I IE O be- A H B (11, R
Eb ) #E 47 Pk B i B R Ry 77.1%~97.1%, F 79 B - 1
Cobe (1 1, R B L) 3547 Uk 6 i [0 i % R 47.6%~
75.1%; JHIEC be- — S W BE (9 1 AR B ) i 47 BRI
iF ] i %N 58.8%~88.0%., Hi Al UL, Bl YL R K BE
EZSURE =R A = Rt/ NN CIL Rt AN
R T, WK M R 45 1ok FH  HEC be-—
G ot 14T Uk T AR B, 8 2R AR e Wi R Y [l
WK 77.1%~97.1%.
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Fig.4 Recoveries of the eight UVs under unpurified condi-
tions and with the three elution solvents (n=3)
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S AN 2 WU 7E 1~100 ng/mL J5 [ N B AT R 419
AMXRR(IE2),

M5 HI 168-2020 J7 16 A5 1 BRI & 22K, A il
10 ng/L 1925 FIK INARAE i, ¥ BERE & 0 BT 2 A2 47
ME 7 6y . 45 FRBT, 8 Bl 28 L W e 5 1 J7 vk K
IR A 1.3 ~2.8 ng/L, ik E &R~ 5.2~ 11.2 ng/L
(W2 2).
262 HEEMEHE

Tia) S 55 FH 7K v 43 S50 O I i VR A A M I U,
7% (20 ng/L) .1 (200 ng/L) F1 25 (800 ng/L) 3 Fli i
JE KF A A 1m0 g 2800 38 i e 0 25 58 Tk
fA) IE Bff B RIORS % 8 o 25 SR ow 7R P om 3
B KT 8 A 58 Ah 2 W5 1Y 1T i 2 80.3% ~
117.8% , AH X bR I 250 1.4% ~ 10.5%( WL 2) ., J5
25 1 TE A B UG 5 AT G 5 R SR R R

F2 SHMENERUAMEIIEFAFREEZEER HAXRY. FERHR . FETEMR . B RMBIIRAERZE (n=6)
Table 2 Regression equations, linear ranges, correlation coefficients (r), method detection limits (MDLs), method quan-
tification limits (MQLs), recoveries and RSDs of the eight UVs (n=6)

Compound Regression equation r MDL/(ng/L) MQL/(ng/L) Recovery/% RSD/%
UV-320 Y=5.07x10"'X+2.55x107* 0.995 2.8 11.2 85.5-92.0 4.7-7.3
Uv-327 Y=3.68x1072X+7.21x107 0.996 2.8 11.2 87.5-92.8 1.4-6.2
UVv-P Y=3.72%1072X+2.45x107 0.998 2.5 10.0 81.4-87.3 2.1-8.5
UV-326 ¥Y=9.00x1072X+8.86x107° 0.996 2.2 8.8 92.4-104.0 6.3-9.3
UV-328 Y=3.52x10"'X-2.80x107? 0.996 2.5 10.0 90.8-117.8 2.5-5.5
UV-329 Y=2.31x10"X-7.82x107? 0.997 1.6 6.4 82.3-98.4 3.1-10.5
UV-PS Y=1.52x10"'X-1.00x107* 0.999 1.3 5.2 80.3-89.6 3.7-7.7
UV-350 Y=6.54x10"'X-7.856x107 0.999 2.5 10.0 84.4-90.8 4.8-5.6

Y: ratio of peak areas of the analyte to the internal standard; X: mass concentration, ng/mL; linear range: 1-100 ng/mL.
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Table 3 Matrix effects of the eight UVs (n=6)

Matrix effects/%

Compound
Surface water Waste water

UV-320 94.4 83.8
UV-327 94.4 100.3
UV-P 97.8 106.2
UV-326 95.7 107.3
UV-328 97.6 99.1
UV-329 93.7 90.7
UV-PS 103.4 95.3
UV-350 97.5 88.8
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| SPE by HLB cartridge |

v

| Condition cartridge with ethylacetate, dichloromethane, methanol and water |

Process 1

y

with 50 ng of analyte

Load sample: 100 mL 5% methanol aqueous solution spiked

Process 2 ﬁ

| Direct loading of 50 ng analyte onto HLB cartridge |

7

| Load sample: 100 mL 5% methanol aqueous solution |

A

® Dry 15 min

e Spike internal standards

o Wash with 5% methanol aqueous solution

o Elute with methanol, ethylacetate and dichloromethane

e Evaporate to dryness and redissolved in 1.0 mL methanol

v

UPLC-MS/MS
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Fig.5 Schematic diagram of the two sample loading processes in solid-phase extraction (SPE)
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Fig.7 Comparison of spiked recoveries under different
loading processes for two SPE apparatus (n=3)
Brand R (Process 1) represents recoveries obtained using
Brand R manifold under Process 1; Brand G (Process 1) repre-
sents recoveries obtained using Brand G manifold under Process
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1; Brand R (Process 2) represents recoveries obtained using
Brand R manifold under Process 2; Brand G (Process 2) repre-
sents recoveries obtained using Brand G manifold under Pro-
cess 2).
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Table 4 Contents of UV absorbers in dyeing wastewater
ng/L

Uv- Uv-  UV- UV- UV- Uuv-  UV- UV-

No-. 320 327 P 326 328 329 PS 350
S01 - - - - - - - -

S02 - - - - - 14.2 - -

S03 - - - 196 - 163 - -

S04 - - - - 21.6 397 - -

S05 - - - - - 109 - -

S06 - - - - - 90.2 - -

S07 - - - - 5.2 6.3 - -

S08 - - - - - 36.5 - 27
S09 - - - - 29.3 360 - -

S10 - - - - - 2190 - 11

-: not detected.
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